Adults of three fairy shrimp species are present in Thailand from February through June in ephemeral waters (ponds, roadside canals, and rice field ditches) filled mostly by the rain. Branchinella thailandensis is of interest in aquaculture because it reproduces rapidly and has high nutritional value. However, no detailed studies on its reproductive biology are available. Anatomical analyses of male and female genitalia were studied with light microscopy and SEM. Shrimp were reared in the laboratory at 28 ± 1°C in aerated, potable water using the alga Chlorella sp. as food. One female and two males were placed in each of ten 1-L observation containers and the female reproductive stages were monitored every hour over six days. Branchinella thailandensis exhibits zygogenetic reproduction and oviparity, where fertilization is direct and internal; the brood pouch shows an undifferentiated amplexial groove. Males and females reach maturity on days 7 and 8 after hatching, with a mean standard length of 10.3 and 12.2 mm, respectively. Males have unique spines on the gonopods, with a tip on a socket-like base; accessory glands were not evident in histological sections. Females have biramous ovaries; the shell glands are organized in two paired, bilateral clusters, in which the glandular unit is formed by two gland-cells and a single duct. After six complete reproductive cycles, the mean total duration of the reproductive cycle was ∼24.0 h (N = 60). The total duration of the reproductive cycle and egg production increased with age (subsequent reproductive cycles). No oösorption in unmated females was observed, and the oöcytes passed to the ovisac independent of copulation. Our results confirmed that Stage 3 is the longest reproductive stage in anostracan females. Branchinella thailandensis produces typical freshwater anostracan sculptured eggs, and belongs to the fairy shrimp group without a sub-cortical space beneath the egg shell.
INTRODUCTION
Three species of fairy shrimp (Anostraca), Branchinella thailandensis Sanoamuang, Saengphan and Murugan, 2002 ; Streptocephalus siamensis Sanoamuang and Saengphan, 2006; and S. sirindhornae Sanoamuang, Murugan, Weekers and Dumont, 2000 ; are reported from Thailand. Adults (reproductive populations) of these species are active from February through June in ephemeral waters (ponds, roadside canals, and rice field ditches) of the central and northeastern regions (Sanoamuang et al., 2000 (Sanoamuang et al., , 2002 Sanoamuang and Saengphan, 2006) . Most of the ephemeral ponds are filled during the rainy season, distinguished by fluctuating and unpredictable changes in their hydrological regime. To survive in unpredictable habitats, fairy shrimp have a life history of rapid growth to maturity, short life spans, and production of resting embryos (so-called eggs) that can withstand unusual heat or cold and prolonged desiccation (Belk and Cole, 1975; Hildrew, 1985) . (Murugan et al., 1996) ; therefore, with monitoring everyhour for six complete reproductive cycles of ten females, we determined the duration of the reproductive cycle, duration of each reproductive stage, egg productivity (fecundity) related to seven subsequent cycles, and the reproduction type (endogenous egg cycle vs. non-endogenous egg cycle).
MATERIALS AND METHODS
Adults of B. thailandensis were obtained and reared in the laboratory. Eggs were supplied by the Applied Taxonomic Research Center, Khon Kaen University, Thailand. Eggs were incubated in a plastic container with 250 mL aerated, distilled water at room temperature to obtain nauplii (26-29°C). The container with eggs was placed near the laboratory window to receive natural light. Eggs hatched after 48 h; the nauplii used in the study differed in age by no more than 24 h. Nauplii from the hatching container were transferred to and reared at 28 ± 1°C in several 14 L plastic pans with five L of aerated, potable water (0.2 g L −1 of dissolved solids (TDS), and pH of 7.1). The larvae (from metanauplii) were fed twice daily with 25 mL of a mixture of potable water and ∼15 × 10 6 cells mL −1 of the alga Chlorella sp. Shrimp reached maturity when the males' second antennae had the typical adult form and the testes were obvious and when females' ovaries were in the vitellogenesis stage. Both testes and ovaries are visible through the semi-transparent exoskeleton without interfering with the shrimp. The standard length was defined as the distance from the top of head to the posterior border of the telson, and the total length was defined as the distance from the anterior margin of head to the posterior border of cercopods without setae. When the shrimp reached maturity, ten females and 20 males were distributed among ten observation containers. The container is a 1 L cylindrical, transparent glass flask used for monitoring reproductive cycles. One female and two males were placed in each container with 700 mL potable water. The ten containers were placed in a thermal water bath at 28°C under continuous light from two 40-watt fluorescent lamps placed 1.5 meters above the thermal bath. The water in each container was changed every 24 hours. The fairy shrimp were fed four times daily with 25 mL of a mixture of commercial potable water and ∼13 × 10 6 cells mL −1 of Chlorella sp. The reproductive stage of females was monitored and recorded through observations every hour for six days. Visual inspection during the reproductive stages avoided manipulation of the subjects. Three reproductive stages were recorded as Stage 1: ovaries ripe and full of oöcytes (ovaries look like dotted ribbons), lateral pouches and ovisac are empty; Stage 2: ovaries ovulated (ovaries look like semitransparent ribbons), lateral pouches are full of oöcytes and ovisac is empty; Stage 3: ovaries ripe and full of oöcytes, lateral pouches empty and ovisac is full of oöcytes/ova or eggs. The beginning of the first reproductive cycle of females was not determined. Thus, after the first reproductive cycle of each female, six complete reproductive cycles were recorded; the duration of each reproductive stage and each reproductive cycle were determined. Production of eggs was studied, starting from the first reproductive cycle. Eggs released from each clutch were kept in the same parental medium in the dark until they were counted. Thus, the egg clutch size of seven egg productions was determined. The relationship between subsequent reproductive cycles and duration, and between the number of eggs and subsequent reproductive cycles were analyzed by linear regression (SPSS v13.0, IBM SPSS, Armonk, NY). To determine if reproduction includes an endogenous or non-endogenous egg cycle (Belk, 1991) , five females, previously reared with males, and used in the reproductive cycle study were isolated and cultured individually (without males). The reproductive stage of each isolated female was monitored every hour for five days.
For histology and scanning electron microscopy (SEM) observations, 20 females (in different reproductive stages) and 15 males were used. For comparative purposes, adult specimens of Artemia franciscana Kellogg, 1906 , from the Great Salt Lake, Utah, USA and Thamnocephalus platyurus Packard, 1877, from Mexico, were also included. For histological preparations, we followed the procedures in Humason (1979) and Howard and Smith (1983) . The samples (animals, oöcytes, and eggs) were washed with fresh water and fixed for 48 hours in Davidson's solution. Subsequently, they were dehydrated in a series of ethanol solutions (70%-I, 70%-II, 80%, 90%, 96%, 100%-I, and 100%-II), for 1 h each. Then, the samples were placed in an ethanol-xylene solution (1:1) for 15 min and cleared in absolute xylene for 5-10 minutes. Specimens were then put into a paraffin-xylene solution (1:1) for 25 minutes and immersed in three paraffin baths in an oven at 60°C for 1-2 hours each. Histological slides (3-6 μm thick) were prepared with a rotating microtome and mounted on glass slides. Each slide, after removing the paraffin, was stained for 10 minutes with Harris's hematoxylin and then counterstained for six minutes with eosin-phloxine. Finally, the slides were covered with synthetic resin and cover slips (Sheehan and Hrapchak, 1980) . Histological sections were examined using a compound light microscope (BX41, Olympus, Tokyo, Japan). The images were captured using a digital camera (cool SNAP-Pro color, MediaCybernetics, Bethesda, MD) and processed with software (Image-Pro Plus v5.0, MediaCybernetics). For SEM, fixed samples in 100% ethanol were critical-point dried (Samdri-PVT-3B, Tousimis, Rockville, MD), coated with palladium with a sputter coater (desk II, Denton Vacuum, Moorestown, NJ), and analyzed with a scanning electron microscope (S-300, Hitachi High-Technologies, Tokyo, Japan) at 20 kV. For anostracan anatomical parts, we followed the nomenclature used by Martin (1992) , Maeda-Martínez et al. (1995c , 2003 , Rogers (2002) , and Rogers et al. (2007) .
RESULTS

Male Second Antennae and Genitalia
Branchinella thailandensis shows a zygogenetic reproduction in which fertilization is direct and internal through the insertion of one of the gonopods into the ovisac. Male second antennae are modified as claspers and have a medial antennal appendage (Fig. 1) ; the distal antennal segment is falciform with a rounded triangular apex, and the medial antennal appendage bears 9-11 long fleshy protuberances. The head has a frontal appendage with two distal branches (for a detailed description of the second antennae and the frontal Fig. 1 . SEM micrographs of male Branchinella thailandensis. A, cephalic region in antero-ventral view; B, cephalic region in right lateral view; C, magnified view from B. aa = apical antennomere of second antenna; an = first antenna; ba = basal antennomere of second antenna; ce = right compound eye; fa = frontal appendage; lb = left branch of frontal appendage; ma = right mandible; ad = antennal appendage; rb = right branch of frontal appendage. appendage see Sanoamuang et al., 2002) . During copulation, the male uses its second antennae to clasp the female amplexial groove while its frontal appendage is extended along the dorsal side of the female. Male genitalia consist of a pair of testes, a pair of vasa deferentia, and two gonopods. The gonopods are structured in two main sections, a noneversible external basal section and an inner eversible section (Fig. 2) . Normally, the inner eversible sections are retracted ( Figs. 2A and 3A-C) and only the basal sections are visible and extend up to the middle of abdominal somite 1 ( Fig. 2A) . A conical outgrowth is located at the lateral side of the base of the basal section of each gonopod. The basal section of the gonopod has a tubular shape and shows two proximal small, spiny medial structures. In comparison, the protruded inner eversible section is armed with 8-12 longitudinal spiny rows, each with about 10 to 30 spines, with their tips pointing backward. A major row, laterally located, is composed of about 15 basal large spines and 10 scalelike structures. The basal large spines have the apex pointed, and situated in a recessed, socket-like base (Fig. 2C) . During copulation, the male protrudes one of the gonopods and inserts it into the female gonopore. The testes are hologonic, formed as simple, tubular organs surrounded by a thin membrane containing germ cells at various stages of spermatogenesis throughout their length ( Fig. 3D-E ) that are located along the genital and abdominal parts on both sides of the intestinal tract. The vasa deferentia are connected to the anterior end of the testes, form a well-defined dorsal loop in the first genital somite, and finish in the gonopods. Accessory glands were not evident in histological sections.
Female Genitalia
The main parts of the female genitalia are a pair of ovaries and a single brood pouch that contains two paired clusters of shell glands, a pair of oviducts (modified as lateral pouches), and one median ovisac (Figs. 4, 5, and 6) . Behind the last pair of thoracopods, the ventral base of the brood pouch has an undifferentiated amplexial groove that receives the male second antennae. The ovaries are biramous, ribbon-like organs located along the thoracic, genital, and abdominal parts of the body on the right and left sides of the digestive tract. The anterior ends (thoracic branches) of the ovaries reach thoracic somite 1. The posterior ends (abdominal branches) of the ovaries reach abdominal somite 7. Oöcytes are produced along the entire length of the ovaries (Figs. 4 and 5). After ovulation, the ovaries become translucent and a new pre-vitellogenesis stage starts (see Reproductive Cycle). The thoracic and abdominal branches of each ovary are joined with a single oviduct, which is located in the genital somite 1 (Fig. 4A and 4B ). The first portion of the oviduct looks like a simple tube; the rest and major portion is a diverticulum in the form of an elastic lateral pouch that can be temporarily expanded for storing oöcytes after ovulation ( Fig. 4A-D) . When a lateral pouch is full of oöcytes, the pouch can be as large as one third of the total volume of the brood pouch. Each lateral pouch is connected to the corresponding anterior-lateral side of the elastic ovisac. The ovisac opens to the gonopore, which is located in the posterior end of the brood pouch (Figs. 4C and 6A). The ovisac can be temporary expanded for storing oöcytes, ova, or eggs ( Fig. 6A and 6B ). The gonopod is inserted in the ovisac gonopore and releases sperm. The oöcytes are fertilized in the ovisac, and then are bathed with maternal shell gland secretions, which form the shell on the zygotes. One of the paired, bilateral clusters of shell glands is named here the "dorsal shell glands" because it is located on the anterior-dorsal side of the ovisac (Fig. 4C ), while the other bilateral cluster is named the "ventral shell glands" because it is located on the anterior-ventral part of the ovisac (Fig. 4D) . Two large cells (100-150 μm) are surrounded by a membrane and joined by a single secretion duct that constitutes the functional unit of the shell glands (Figs. 5B-D and 6C-F). Several secretion ducts are joined and connected to the ovisac wall and opened into the ovisac atrium ( Fig. 6C  and 6D ). Two clear stages of the shell glands were observed (see Reproductive cycle). The ventral brood pouch is located in the genital somites; it has a conical shape and its opening tip extends up to abdominal somites 4 and 5 (Fig. 4A-D ).
Age and Body Size at Maturity
Males reached maturity on days 7 and 8 after hatching and had a mean standard length of 10.3 ± 0.8 mm and a mean total length of 12.8 ± 0.9 mm (N = 5). Females reached maturity in the same length of time as males and had a mean standard length of 12.2 ± 0.4 mm and a mean total length of 15.2 ± 0.5 mm (N = 5).
Reproductive Cycle
After six complete reproductive cycles, the mean reproductive cycle lasted 1443.3 ± 32.7 minutes (∼24 hours; N = 60). During the six cycles, the duration of reproductive cycles increased significantly with cycle number (r = 0.144, Stage 3 lasted about 87% of the duration of the reproductive cycle, Stage 2 (9.8%), and Stage 1 (5.5%). Mean total egg production for seven cycles was 512.10 ± 51.4 (range 378-781) eggs per female. Mean egg production per female per clutch was 91.0 ± 6.4 (range 10-180) eggs. Egg production increased significantly with later reproductive cycles (r = 0.395; ANOVA P < 0.05; Fig. 8 ).
At least six major events occur in a reproductive cycle in B. thailandensis: 1) ovarian cycle, 2) oöcyte transit, 3) fertilization, 4) development of fertilized oöcytes, 5) shellgland cycle, and 6) ovipositioning (release of eggs from the ovisac to the external medium). The ovarian cycle consisted of pre-vitellogenesis, vitellogenesis (Fig. 4) , and ovulation ( Fig. 4A-D) . Ovulation (beginning of Stage 2) lasted ∼30 minutes. During this process, oöcytes originating in the abdominal branches of the ovaries moved first to the oviduct, followed by those originating in the thoracic branches. After ovulation, the oöcyte transit and development of fertilized oöcytes occurred in three stages: 1) storage of oöcytes in the lateral pouches (Fig. 4A-D) , 2) release of oöcytes from the lateral pouches into the ovisac, and 3) storage of oöcytes or eggs in the ovisac (Figs. 6A-B and 9A) . Oöcytes in the lateral pouches (Fig. 4A-D) were white, blue, or grey. The shell-gland cycle consisted of a discharge phase (secretion of shell gland material into the ovisac to form the egg coating) and of a recharge/storage phase. The discharged stage was distinguished macroscopically by a yellowish color and microscopically by an oval nucleus (Fig. 5B) . The rechargingstorage stage is distinguished by a light-to-dark brown color and by a cresent-shaped nucleus (Fig. 5C and 5D ). In the reproductive Stage 2 (lateral pouches are full of oöcytes), females are receptive; the lateral pouches push both ventral shell glands clusters to the medial axis of the body and temporary lay between the two lateral pouches (Fig. 4A-D) . At the end of the reproductive Stage 3 (the ovisac is full of eggs), ovipositioning was achieved when the female turned the ventral side of her body down and expelled all eggs by frequent body contractions. Females molted once the eggs were expelled.
The five isolated females had an endogenous egg cycle. Their oöcytes passed from the lateral pouches to the ovisac without copulation. The females had two types of oö-cytes: those that eventually disintegrated inside the ovisac to produce a milky substance, and those that remained unaltered. Both, the milky substance and the unaltered oöcytes were eventually expelled (Fig. 10) . The five isolated females molted once the milky substance or the unaltered oöcytes were expelled.
Most of the eggs have an external, sculptured egg shell with polygonal areas delimited by ridges ( Fig. 9A and 9B) ; however, a few eggs did not have polygonal areas or crests (Fig. 9F) . The structure of the sculptured shell is composed by an outer cortex (∼20 μm) and by a smaller inner alveolar layer (∼5 μm). No subcortical space was evident ( Fig. 9D  and 9E ). When the embryo and vitello bodies were removed, the inner surface of the alveolar layer had polygonal areas defined by grooves (Fig. 9D) .
DISCUSSION
Anostracan species have zygogenetic reproduction, except for the brine shrimp Artemia parthenogenetica Bowen and Sterling, 1978 , which is parthenogenetic (Martin, 1992) . The major reproductive mode in the group is oviparity (shelled embryos are released), but species of Artemia can also reproduce through ovoviviparity (nauplii are released) (Browne, 1980; Criel, 1992) . As a typical freshwater species, B. thailandensis exhibits zygogenetic reproduction and oviparity and fertilization is direct and internal. Although males have a multibranched frontal appendage and second antennae with complex antennal appendages (Fig. 1C) (Sanoamuang et al., 2002) , the female brood pouch (Figs. 4A-D,  6A ) has no complimentary structures to receive the male cephalic appendages during amplexus. Branchinella thailandensis is similar to other fairy shrimp having an undifferentiated amplexial groove, such as species of the genera Branchinecta, Dendrocephalus, Streptocephalus, and Thamnocephalus (Rogers, 2002) .
The conical growth located at the lateral side of each gonopod in B. thailandensis ( Fig. 2A) is a structure of unknown function; similar structures have been reported in con-generic forms (Linder, 1941; Geddes, 1981; Timms, 2002) and in several species of Streptocephalus (MaedaMartínez et al., 1995c) . The testes in B. thailandensis are hologonic and located along the genital and abdominal parts on both sides of the intestinal tract, similar to Artemia (Wolfe, 1971) . The dorsal loops of the vasa deferentia in this species are characteristic of Thamnocephalidae and Streptocephalidae (Belk, 1982) . The vasa deferentia of B. thailandensis end in the gonopods, terminating at the male gonopore, as reported for Artemia (Wolfe, 1971) . A large portion of the retracted, eversible tubular sections are kept inside the body (Fig. 3A and 3B) , and the epithelial spines point to the lumen (Fig. 3C) . The presence of spines in the eversible section of the gonopods is common in Anostraca (Brtek and Mura, 2000; Rogers, 2006) , but no detailed microscopic studies are available. It seems that large spines armed with a tip on a socket-like base (Fig. 2C) have not been reported before for Anostraca. In crustaceans, the typical integumentary structures with a cuticular socket are the setae (Felgenhauer, 1992) .
Male accessory glands were not evident in histological sections in our study. Brendonck (1991) reported that such glands could not be distinguished in Streptocephalus proboscideus (Frauenfeld, 1873) . We studied the male accessory glands of Artemia franciscana from the Great Salt Lake and found the characteristic clusters of gland cells (Fig. 3F) as Wolfe (1971) described them for Artemia from San Francisco Bay. Given that the main secretion of these glands is composed of a neutral mucopolysaccharide or mucoprotein, Wolfe (1971) proposed that such a secretion might function as a lubricant, a copulatory plug, or an activator for the sperm or for fertilization. The male accessory glands and the female shell glands are homologous and ectodermal in origin (Linder, 1959; Wolfe, 1971) . Besides Artemia, accessory glands were found in species of Chirocephalus and Eubranchipus (Gissler, 1883; Hsu, 1935 ). An extensive study across Anostraca taxa is needed to establish the presence or absence of the accessory glands in genera and species of this order.
Most anostracan species have uniramous ovaries that extend from the genital somites up to several abdominal somites. Within Thamnocephalidae, females of Thamnocephalus salinarum Cohen, 2002 have uniramous ovaries (Cohen, 2002) . Biramous ovaries have been found in several species of Branchinecta (Cohen, 1981) and Streptocephalus (Maeda-Martínez et al., 1995c) . Species of the genus Branchinella have not been studied in detail in this respect, but the females in our study have biramous ovaries (Figs. 4 and 5) . A comparison of histological sections of ovaries of B. thailandensis specimens with specimens of Thamnocephalus platyurus showed typical cellular organization ( Fig. 5A and 5E) , with somatic and germ (oögo-nia and oöcytes) cells, as found in Artemia (Criel, 1980 (Criel, , 1992 . Oviducts in B. thailandensis are located in the genital somite 1 (Fig. 4A and 4B) , as is found in Streptocephalus spp. (Maeda-Martínez et al., 1995c) , but the oviduct position is variable among anostracan genera, e.g., in Artemia, they are located in the third abdominal (postgenital) somite (Martin, 1992) . The elastic lateral pouches of B. thailanden-sis expand to store oöcytes and remain in the brood pouch (Fig. 4A-D) . This anatomical feature is similar in Artemia (Criel, 1980) as well as Branchinecta and Thamnocephalus (Maeda-Martínez et al., 2003) . It seems that Streptocephalus is the only genus where the species can move the lateral pouches from the brood pouch atrium to the abdominal lumen (Valousek, 1952; Brendonck, 1991) . In the genera Eubranchipus and Artemia, oöcytes in the lateral pouches were found in a metaphase configuration, and the lateral pouch epithelium has secretory activity; the secretions are presumed to lubricate passing of the oöcytes toward the ovisac, but it does not contribute to the formation of an oöcyte membrane or shell (Linder, 1959; Criel, 1980; Murugan et al., 1996) . Oöcytes in the lateral pouches of B. thailandensis were bluish to grey; they have been reported as whitish-blue and whitish-pink in T. platyurus and whitish in Branchinecta lindahli Packard, 1883 (Maeda-Martínez et al., 2003 . Anostracan ovary and oöcyte color are influenced by the food; yeast-fed females had whitish oöcytes while those fed yeast and β-carotene had bluish oöcytes (Hata and Hata, 1969; Maeda-Martínez et al., 1995a) .
The ovisac of B. thailandensis is the center of important reproductive events, such as copulation, insemination, oö-cyte fertilization, the bathing of fertilized oöcytes with shell gland secretions, and shell formation. The shell glands are unique to Anostraca (Martin, 1992) and have been suggested to play some function in the determination of ovoviviparity vs. oviparity (Criel, 1980; Martin, 1992) . These glands are cyclically active exocrine glands that secrete glycoprotein to form the egg shell (Garreau de Loubresse, 1980) . The glands are organized in two paired bilateral clusters, in which the glandular unit is three cells: two gland cells, and a single duct cell (Mawson and Yonge, 1938; Linder, 1959 ). The shell gland unit in B. thailandensis and T. platyurus follows this anatomy (Figs. 5B-D and F; 6C-F). The recharging-storage stage of the shell gland cells has a crescent-shaped nucleus and is brownish, and the discharged stage has an oval nucleus and is yellowish in these species. These changes result from accumulated secretory granules that press the nucleus in the recharging-storage stage (Linder, 1959) . The size of a pair of shell gland cells in mature females of these species is between 100 and 150 μm: 80-130 μm in Chirocephalus diaphanus Prevost, 1803 (Mawson and Yonge, 1938) , 125 μm in Eubranchipus bundyi Forbes, 1876 (cited as Chirocephalopsis bundyi) (Linder, 1959) , and 80-120 μm in Artemia (Criel, 1980) . SEM observations of the genitalia of B. thailandensis and T. platyurus showed that the separated shell gland ducts coming from the gland cells are usually joined in bundles and then connected to the ovisac wall ( Figs. 6C-D ; 11B-C), as described by Linder (1959) for E. bundyi. Detailed views of the connection of a single duct with two gland cells in B. thailandensis and T. platyurus females are shown in Figs. 6D-E and 11E-F. An opening of the shell gland ducts at the inner side of the ovisac is seen in Fig. 11D .
The Asian B. thailandensis is a warm water species and is used in commercial aquaculture (Saengphan et al., 2005) . Another thamnocephalid and also a warm water species with interesting reproductive features for aquaculture is the North American T. platyurus (Maeda-Martínez et al., 1995b , 2003 . Males and females of B. thailandensis cultured at 28 ± 1°C reached maturity on days 7 and 8 after hatching, with a mean standard length of ∼11 mm; while males and females of the North American T. platyurus, cultured at 23 ± 1°C, reached maturity on days 12 and 13 after hatching. The latter had a larger mean standard length of 18 mm (MaedaMartínez et al., 2003) . Dararat et al. (2011) report that water temperatures between 24-26°C generate maturation time of B. thailandensis within 6.5 days. The maturation time in zygogenetic and parthenogenetic Artemia is longer, their pre-reproductive period ranges from 25 to 40 days when cultured at 26 ± 2°C (Browne, 1980) .
The sequence of stages of the reproductive cycle of B. thailandensis is similar to that described for Artemia (Bowen, 1962; Metalli and Ballardin, 1972; Criel, 1980 Criel, , 1992 ; Branchinecta (Maeda-Martínez et al., 2003) ; Chirocephalus (Mawson and Yonge, 1938) ; Eubranchipus (Linder, 1959) ; Streptocephalus (Valousek, 1952; Munuswamy and Subramoniam, 1985a, b, c; Brendonck, 1991; Murugan et al., 1996) ; Tanymastix (Garreau de Loubresse, 1974 and Thamnocephalus (Maeda-Martínez et al., 2003) . A summary of the macroscopic anatomical characteristics of female reproductive organs during stages of a reproductive cycle is presented in Table 1 . Such condensed information is useful for aqua-culturists, especially during monitoring of the reproductive status of cultured shrimp. After six reproductive cycles of ten female B. thailandensis cultured at 28 ± 1°C, the mean duration of a reproductive cycle was ∼24 hours (N = 60). Females of T. platyurus cultured at 23 ± 1°C completed a cycle in 25.7 hours (N = 40) and females of a cold water species B. lindahli cultured at 23 ± 1°C completed a cycle in 23.6 hours (N = 40) (MaedaMartínez et al., 2003) . Dararat et al. (2011) observe that the number of eggs per brood increases with age in female B. thailandensis. In this study we recorded that the duration of a reproductive cycle and egg production in this species increased with age ( Figs. 7 and 8 ). These findings agree with those reported for B. lindahli and T. platyurus (MaedaMartínez et al., 2003) . The same reproductive pattern of the first six cycles occurs in zygogenetic and parthenogenetic Artemia (Browne, 1980) . Anostracan females do not store sperm, thus copulation is required to fertilize each oöcyte clutch (Bowen, 1962; Prophet, 1963; Munuswamy and Subramoniam, 1985a) . A typical, receptive anostracan female has an empty ovisac and ripe oöcytes in the lateral pouches (Bowen, 1962; Metalli and Ballardin, 1972; Belk, 1991) . We found B. thailandensis females receptive for copulation after release of eggs, molting, and ovulation. Belk (1991) suggested that the transit of oöcytes from the lateral pouches to the ovisac is controlled by an endogenous egg cycle in some species. Thus, two reproduction patterns are observed within Anostraca. In one, oöcytes pass to the ovisac only after copulation, that is, not controlled by an endogenous egg cycle, including Branchinecta, Branchipus, and Eubranchipus (Claus, 1886; Belk, 1991; Maeda-Martínez et al., 2003) , and in the other, as isolated females of B. thailandensis in our study, oöcytes pass to the ovisac independent of copulation, that is, controlled by an endogenous egg cycle, including species of Artemia, Streptocephalus, Tanymastix, and Thamnocephalus (Bowen, 1962; Gerreau de Loubresse, 1980; Murugan et al., 1996; Maeda-Martínez et al., 2003) .
Reproductive cycles in zygogenetic species are productive when copulation occurs and oöcytes are fertilized inside the ovisac and later coated with shell-gland secretions to form eggs or in the ovoviviparous mode in Artemia, fertilized oöcytes are not coated and continue development to the nauplius stage (Criel, 1980 (Criel, , 1992 Maeda-Martínez et al., 2003) . Prophet (1963) , Munuswamy and Subramoniam (1985b) , and Brendonck (1991) report resorption of unfertilized oöcytes in female Streptocephalus sealii Ryder, 1879 , S. dichotomus Baird, 1860 , and S. proboscideus, respectively. Hildrew (1985 observes that female S. vitreus (Brauer, 1877) releases unshelled oöcytes in the absence of males. Monitoring at high frequency (hourly or shorter intervals) of the reproductive cycle of unmated female S. dichotomus, S. proboscideus, and S. torvicornis, shows that oöcyte resorption does not occur, but unfertilized oöcytes are expelled to the external medium (Murugan et al., 1996) . We also found no oöcyte resorption in unmated B. thailandensis females; the oöcytes remained unaltered or eventually disintegrated in the ovisac to form a milk-like substance. The unaltered oöcytes (Fig. 10 ) and the milk-like substance were later expulsed from the ovisac in the same manner as females releasing fertilized eggs. Furthermore, we observed no secretions from the shell glands in unmated females; therefore, B. thailandensis appears to have the same mechanism of some streptocephalids, where copulation is required to trigger shell formation (Murugan et al., 1996) . Abnormal cycles in zygogenetic female Tanymastix and Artemia have been observed, where unfertilized oöcytes were coated with shell gland material (Garreau de Loubresse, 1980; personal observation) . Wiman (1981) and Belk (1991) found that most anostracan females from the natural habitat were in the reproductive state that corresponds to Stage 3. Our results confirmed that Stage 3 is the longest period (86.7%) in the reproductive cycle in anostracan females. In other species, Stage 3 was 91.5% in T. platyurus and 89% in B. lindahli (Maeda-Martínez et al., 2003) ; 80% in A. franciscana (Bowen, 1962) ; 61% in S. dichotomus, 58% in S. torvicornis, and 57% in S. proboscideus (Murugan et al., 1996) . All cycles observed in B. thailandensis were productive, providing a mean of 512 eggs per female over seven cycles and a mean of 91 eggs per female per clutch. Higher numbers were observed in T. platyurus females, with mean total egg production (after five cycles) of 647 eggs per female and a mean of 199 eggs per female per clutch (Maeda-Martínez et al., 2003) .
Branchinella thailandensis produces typical fresh water anostracan-sculptured eggs whose external ornamentation is similar to that of B. australiensis (Richters, 1876) , B. dubia (Schwartz, 1917) , and B. frondosa Henry, 1924 (Mura, 1992 Timms, Shepard, and Hill, 2004) . Structural morphology of cross-sectioned egg shells has been studied in species of several genera (Gilchrist, 1978; De Walsche et al., 1991; Maeda-Martínez et al., 1992; Hill and Shepard, 1997) . For species of Branchinecta, Obregón-Barboza et al. (2002) report three types of shells: 1) shells with a subcortical space present, the outer cortex and inner alveolar layer completely separated from each other; 2) shells with a subcortical space present, but the outer cortex and inner alveolar layer are not completely separated from each other; and 3) shells with a subcortical space absent and composed of a single spongy cortex. Branchinella thailandensis belongs to the fairy shrimp group without a sub-cortical space beneath the egg shell.
